INTRODUCTION
Mist netting is a common method used to capture bats (Kunz and Kurta, 1988; the bat species being netted. The match between animal/head size, mesh size, denier, and construction of the deployed net directly affects the efficiency of the net (Jenni and Leuenberger, 1996) . However, as nets have become more standardized, researchers' techniques frequently vary in relation to the amount of play in each shelf, the tension of the net, or the frequency of clearing the net of captured animals. Additionally, the detection and perception of the net by a bat are greatly affected by habitat complexity and structure, frequency of precipitation, wind, and ambient light levels (Francis, 1989; Remsen and Good, 1996) .
Studies in peninsular Malaysia, Borneo (Sabah), French Guiana, and Panama have commented on the method of capture, the need for the placement of mist nets at different heights (Francis, 1989 (Francis, , 1994 Simmons and Voss, 1998) , surveys over several years (Kalko et al., 1996) , or estimating species abundance via captures in the net (Simmons and Voss, 1998) . Several studies also have documented that capture rates of both insectivores and frugivores decrease when there is a full moon or bright moonlight (LaVal, 1970; Morrison, 1978; Kunz et al., 1996; Simmons and Voss, 1998; Lang et al., 2004) . Capture rates also are confounded by the variation among species, in regards to their differential agility, wing loading, mode and power of echolocation calls, characteristic foraging pattern/altitude, and the facultative use of their other senses: vision and olfaction (Kunz and Anthony, 1977; Francis, 1989; Berry et al., 2004) . Investigators have documented decreased capture success on nights of repeated mist netting at a single site (Gram and Faaborg, 1997; Simmons and Voss, 1998) , which has been credited to a learned avoidance response by the bats to the net (LaVal, 1970; Kunz and Brock, 1975; Kunz and Kurta, 1988; Kunz et al., 1996; Gannon and Willig, 1998; Kuenzi and Morrison, 1998) .
Despite the aforementioned literature and anecdotal reports, few investigators document bat/net interactions directly. Despite our own extensive survey efforts throughout the Caribbean , 2001 Pedersen et al., 1996 Pedersen et al., , 2003 Pedersen et al., , 2005 Pedersen et al., , 2006 Pedersen et al., , 2007 Pedersen, 2001; Larsen and Pedersen, 2002; , we too have neglected this critical aspect of bat survey work. However, two studies in the last few years used infrared lights and video cameras to specifically record bat interactions with the net (Lang et al., 2004; MacCarthy et al., 2006) and the efforts of Lang et al. (2004) provided the incentive for employing a similar technique in an attempt to re-evaluate the last ten years of our own mist net data collected on Montserrat.
The first goal in our study was to determine if the number of bats caught in a mist netted airspace was an accurate estimate of the numbers of bats using that particular flyway. Therefore, we documented the interactions of bats at mist nets using video equipment and infrared lights. The second goal was to determine if there was evidence for a learning curve regarding the position of a new obstacle (such as a mist net) in the flyway, which lead us to quantify behavioral responses made by bats approaching the mist nets on successive nights. As a caveat, mist netting is inherently biased when used as a simple index of bat activity and not a count of individual bats (most bats are not marked under normal mist netting conditions). Therefore, individual bats may be captured more than once during a night, as well as pass in the airspace multiple times. A final question regarding the rareness of species was introduced when the data indicated very low capture rates for a few species. The rarity of two phyllostomids and the importance of mist netting effort will be discussed.
MATERIALS AND METHODS
The island of Montserrat (Lesser Antilles) was chosen because of its simple bat fauna (6 frugivores, 3 insectivores, and 1 carnivore) as well as 13 documented surveys spanning 29 years on this island. Four study sites in 2005 (Mango Hill, Hope Springs, Sappit River, and Soldier Ghaut) and two study sites in 2006 (Mango Hill and Cassava Ghaut) were selected from the group of approximately 40 sites sampled during past survey years (Fig. 1) Fig. 1 ). As such, the final design of the study consisted of four consecutive nights at each of four sites. The first night served as a control to quantify how many bats fly through an empty airspace on a given night. On subsequent nights, a single mist net (AVINET, Inc., black nylon, 4-shelf, 6 or 9 m wide, 2.6 m high, 38 mm mesh) was present. The length of the mist net was dictated by the width of the flyway, but then consistently set on each successive night. There was never more than 2 m of open space between the top of each net and the overhanging foliage. The flyways on each of the four nights were videotaped for 2.5 hours (on average) beginning just before sunset, as this period of time was found to be the most active time frame for bats on this island (Larsen and Pedersen, 2002) . The interaction between bats and the mist net were analyzed during playback of the videotape footage the next day.
Flyways were illuminated using two Dalton Wildlife Engineering infrared lights (Model IRlamp6 40-degree beam) powered by 12-volt car batteries (Fig. 2) . We used Sony Night-Shot camcorders (Models #CCDTRV87 and #CCD-TRV138 and Hi-8 videotape). The infrared lights were positioned on either side of the mist net to illuminate bats approaching from each side, and one camcorder was set perpendicular to the net approximately 5m away in 2005 (Camera 1: Fig. 2 ). In 2006, we added an additional Night-Shot camera that was placed parallel to the net to record bat activity at the net surface (Camera 2: Fig. 2 ). It provided another angle from which to view the net and to ensure that the numbers of bats filmed by the other camera were being counted accurately.
In 2006, we also used the 'Batcam' to facilitate the visual tracking of individual bats as they circled about the net (Batcam: Fig. 2 ). The Batcam consisted of a Watec camera (WAT-902H2), a Rainbow S16mm lens, a Wildlife Engineering Model IRlamp6 20 degree beam angle infrared light, and an Accelevision 7 inch wide TFT-LCD color monitor (LCDP7W) all mounted coaxially on a bracket that could be handheld or mounted on a tripod. All of this equipment was run from a 12-volt car battery. This large-screen, night-vision video camera greatly reduced eyestrain and allowed for continual observation of the mist net. It also provided a wider visual field in which to track the various activities of individual bats beyond the range of the stationary video cameras.
Ad hoc filming events were performed to determine if equipment was working properly. These data were not included in the final analysis, but were noted for future study. , 2003) . There was nothing visually aberrant about the tree -no cavities, abundant insects, leaking sap, vines, etc. However, at least one bat exhibited a great deal of interest in these cotton sheets and flew up and down the trunk (20+ cycles) and landed on the sheets numerous times. Because our objective was to obtain data on mist net bias, and the lighter background offered only minor improvement during filming, we did not use sheets at other locations, as they seemed to impose a bias of their own. Additionally, the marking of bats was not conducted because when they are captured and marked, most bats would have an aversion to the netting site. The stress of handling would have added another variable into this simple study and it has been shown that bats may not appear in the flyway for several days after the initial capture (LaVal, 1970; Kunz and Brock, 1975; Kunz and Kurta, 1988; Kunz et al., 1996; Gannon and Willig, 1998; Kuenzi and Morrison, 1998 ).
The majority of bats on Montserrat are of the family Phyllostomidae, which do not emit loud echolocation signals (Fenton et al., 1992) and the structure of their signals is less discernable between species (Kalko et al., 1996) . However, we did attempt to record echolocation signals at each net, but these efforts were terminated when it was clear we could not record clean signals due to excessive background noise from insects.
Lastly, Sony TCM-200DV tape recorders were used to dictate comments concerning bat behavior, activity, and time checks. While observing bat/net interactions through the Batcam it also allowed us to check for errors in counting or behaviors that may not have been recorded by the stationary cameras. The integral clocks in each camcorder and a digital watch used by the observer were synchronized to facilitate record keeping and data analysis when the various tapes were played back the following day. One tape was reviewed and counted several times to establish a counting error rate (≈ 1%). Subsequently, all tapes were analyzed by one person (RJL).
The numbers of bats approaching the net or using the flyway in the absence of the net were tallied and the behavioral responses of each bat to the net were recorded and classified into five categories: 1) circled or reversed their direction of flight; 2) flew over the net; 3) flew under or to either side of the net; 4) were caught and manually removed from the net; or 5) bounced off the net and flew away (Table 1 ). This information was compiled and entered into a Microsoft Excel spreadsheet. A nonparametric Kruskal-Wallis One-Way ANOVA was applied to determine differences among net nights. Simple linear regression was applied to determine if there was a relationship between bat passes/hour over net nights (SYSTAT, 2004) .
RESULTS
In 2005, we recorded 1,970 bat passes on 25.3 hours of videotape. In 2006, 553 bat passes were recorded on 18 hours of videotape, giving a total of 2,523 bat passes captured on 43.3 hours of videotape during the project. These raw numbers include the additional filming events for equipment testing previously mentioned. However, these data were reduced to the four sample sites A total of 2,382 bat passes were observed at all four sample sites on all nights (Table 1) . When a mist net was present, 112 of the 2,069 observed bats came into contact with the net (5.4%) and 66 of these were captured (3.2%; range 0-10.3%). Most bats that approached the net and were not captured would circle/reverse direction (47.5%), whereas others flew over the top of the net (38.9%), flew under or around the net (8.2%), or bounced off the net and flew away (2.2 % - Table 1 ).
These data are reported as the number of bat passes through the filming area per hour. Fewer bats on average were observed flying within the filmed target area on control nights than on nights when a net was blocking the flyway. Bats may have flown back into the target area several times to further investigate the mist net and may have been counted two or more times. During control evenings, we recorded an average of 28.6 (range of 2.6-83.7) bat passes/hour on nights without a net. In the presence of a mist net, we recorded 70.0 (range 13.0-338.7) bat passes/hour; however, bat activity and bat captures decreased on subsequent nights (Table 1) .
Three of the four sites exhibited a similar trend, showing that activity decreased on subsequent nights when a mist net was present. However, the Sappit River site had been a highly productive site throughout the years and exhibited higher bat activity than the other three sites. Simple linear regression showed almost significant decrease in activity on sequential nights (r 2 = 0.30, n = 11, P = 0.08 - Fig. 3 ). The slope of this relationship may be unduly affected by the first night of the Sappit site, but the general trend that bat activity around a novel obstacle decreases over time was apparent. The Kruskal-Wallis One-Way ANOVA of bat passes/hour over net night also confirmed a decrease in activity between subsequent netting nights. The sums of ranks for each of the net nights were 35.00 (first net night), 24.00 (second), and 7.00 (third; P < 0.05).
We also derived a simple accumulation curve with sampling effort (NN = net night) and yearly inventory numbers as an index to demonstrate the inadequacy of mist nets to consistently capture all species reported from this island in most survey years. This model was used to evaluate bat survey efficiency over many years and demonstrated that when mist netting effort was increased, the 10 known species on the island could be captured (Fig. 4, see 2005) .
DISCUSSION
Our data support previous studies that report decreases in capture success on consecutive nights of mist netting and have observed bats flying in large circles on either side of the net and often re-entering the filming area from other directions (Gram and Faaborg, 1997; Simmons and Voss, 1998) . Dobson et al. (2001) also found that circling behavior was a common response by bats to harp traps. Circling behavior by bats can lead observers to overestimate the number of individuals flying through the airspace, but we attribute this increase in bat activity to the inquisitive response by the bats to the appearance of a new obstacle (mist net) in their environment. Bats then decide whether or not to use that flight path again the next night -this has been classified as learning behavior by several other studies (LaVal, 1970; Kunz and Brock, 1975; Kunz and Kurta, 1988; Kunz et al., 1996; Gannon and Willig, 1998; Kuenzi and Morrison, 1998) . Obviously, these inferences are speculative, but closer evaluation of bat behaviors in a laboratory setting would help us better understand these inquisitive behaviors and the nature of what appears to be a learning curve.
Mist netting along trails, paths, or pools of water remains a standard protocol for many investigators despite observations that show that a fair number of species are missed or under-represented because they simply do not fly near to or are able to avoid ground-level mist nets. This stratification of flight corridors has been well documented (Francis, 1994; Kunz et al., 1996; Simmons and Voss, 1998; O'Farrell and Gannon, 1999) . A few studies have specifically used 'high-net sets' or canopy netting to survey bats that operate throughout the forest canopy (Gardner et al., 1989; Francis, 1994) ; however, Simmons and Voss (1998) found that ground-level mist nets captured the majority of the frugivorous and gleaning phyllostomids, leaving relatively few species to be collected through the use of elevated mist nets and/or roost searches (e.g., high flying aerial insectivores). In particular, they found that 78% of the total captures and 83% of the known species were taken in ground level mist nets, while the others were taken from elevated nets or collected from roosts (Simmons and Voss, 1998) . They also found that 22% of the known species at their field site were frugivores, yet these same species accounted for 63% of the total mist net captures at all heights. As such, ground-level netting would appear to remain a pragmatic approach for performing a simple survey of a particular area -especially where phyllostomids are concerned (Francis, 1989; Simmons and Voss, 1998; O'Farrell and Gannon, 1999) . Indeed, on Montserrat (where six of the 10 species are phyllostomids) all 10 species have been mist netted, while high net sets, roost searches, and acoustic sampling have not identified additional species.
Use of a single method that captures only 3.2% of the bats passing through an airspace does not give a picture of the true diversity of the sampled area. Bats that hit the net, bounced off, or were caught in the mist net (5.4%) were a very small percentage of the total bat activity near, over, or around the mist net. These data compare well with reports by others using harp traps or mist nets (2.6% - Dobson et al., 2001; 4% -Berry et al., 2004; ≈ 4% -Lang et al., 2004; 3.1% -Larsen et al., 2005 3.1% -Larsen et al., , 2006 . Due to these low rates, mist nets and harp traps are not accurately sampling bats that utilize flyways and thereby generate inaccurate or misleading data with respect to population structure, and raise the issue of the presence/absence of bats that easily detect and avoid mist nets. Capture data collected on the island of Montserrat throughout the last two decades were re-evaluated and showed that certain bat species were caught more frequently in mist nets (e.g., Artibeus jamaicensis). These species may have been more abundant, but the location of mist nets may have influenced capture success due to changes in food availability from site to site or our own bias for picking sites. Given our results that show only 3.2% of bats passing through a given flyway are captured and the recent interest in rapid biodiversity assessment protocols, it is naïve to think that a short-term survey effort using mist nets would provide adequate inventory data (Simmons and Voss, 1998; Ellison et al., 2003; Conservation International, 2007) . We acknowledge that many of our own short surveys throughout the Lesser Antilles fall into this category and we recognize that our data are indicative rather than comprehensive (also demonstrated by data from the islands of Antigua, Barbuda, Nevis, St. Kitts, St. Barthelemy, St. Martin, Saba, and St. Eustatius). Known limitations of mist net surveys can be compensated for, in part, by repetitive sampling efforts over several years, with careful analyses of species accumulation curves (e.g., Montserrat, Fig. 4 ; Simmons and Voss, 1998) , which allow us to analyze the completeness and amount of effort for each survey year. Fleming et al. (1972) and Kalko et al. (1996) also used this method to evaluate bat survey data.
As such, we can only assume that data from 13 surveys spanning 29 years on Montserrat are indicative of the 10 species found on the island. This fauna includes one piscivore (Noctilio leporinus), one omnivore (Brachyphylla cavernarum), one nectivore (Monophyllus plethodon), four frugivores (A. jamaicensis, Ardops nichollsi, Chiroderma improvisum, Sturnira thomasi), and three insectivorous species (Natalus stramineus, Tadarida brasiliensis, Molossus molossus), representing four familiesNoctilionidae, Phyllostomidae, Natalidae, and Molossidae. Of these, two species are rarely encountered -C. improvisum and S. thomasi.
What do we mean by the term 'rare' with respect to what we now understand about mist net bias? Is rarity a factor that merely reflects the constant movements of a vagile organism in response to the destruction of key habitat and foraging areas? Do rarely encountered species naturally occur in low numbers? Or do 'rare' species occur in large numbers, but forage in places mist nets are not set (e.g. high in canopy, above canopy)? Maybe they do not use open pools to drink, or roost where surveys are not normally conducted (e.g., tree cavities, high cliff faces)? Does rarity imply the decline of a species, or simply reflect the animals' abilities to avoid mist nets and humans? As cases in point, the 'rediscovery' of C. improvisum Genoways, 1976 and S. thomasi vulcanensis Genoways, 1998 Concerns over the presumed extirpation of these two bats were unwarranted, but only in hindsight. The results of our study should be a warning about drawing premature conclusions about the presence/absence of rare species and about rapid biodiversity surveys in general. Simmons and Voss (1998) suggested several steps that could maximize the efficacy of short-duration surveys and ground-level netting -employ large numbers of nets, shift net locations every night, open nets before it is fully dark, and sample in the first three lunar quarters to avoid issues with lunar phobia. Acoustic sampling, video analysis, and thermal imaging are additional technological alternatives to basic mist netting, and should be considered for use in combination with mist netting to provide more accurate and unbiased survey information (Fenton, 1997) .
We suggest that another pragmatic solution to compensate for mist net bias would be to simply extend the number and duration of survey efforts over several years. Montserrat is a prime example of the efficacy of this approach. If investigators had performed a single blind survey of Montserrat during the years 1994-2004 they would have reported only 5-8 species as being present, not the 10 that we believe to be there. Indeed, until 2005 we had never caught more than eight species of bats on Montserrat in any single survey year (Fig.  4) . In 2005, the number of mist netting nights, mist nets set, and available staff was beyond any other year and the outcome of that massive effort, resulted in the capture of the 10 known species on the island. Therefore, species accumulation curves are essential tools for assessing inventory completeness and should be graphed against suitable measures of sampling effort (e.g., numbers of captures) (Simmons and Voss, 1998) . For Montserrat, our species accumulation curve peaked in the vicinity of 1,000 captures and 100 NN -values that are similar for many islands in the immediate region: Saint Kitts, Nevis, Antigua, and Saint Martin (Pedersen et al., 2003 Genoways et al., In press ). Without longduration/multi-year survey efforts, biodiversity estimates and conservation guidelines can only be approximations at best and almost certainly underestimate the true faunal diversity of an island. of Nebraska State Museum. We appreciated the general support provided by the Montserrat Department of Forestry and the Montserrat National Trust, and a formal thank you goes to Gerard Gray, Tony Hill, and Claude Gerald (MATE/MAHLE) for permission to collect bats on Montserrat (1994 Montserrat ( -2007 . The courtesy and good humor extended to us by Estate owners on Montserrat were greatly appreciated -we extend a very warm and special thanks to Bryan Hollender (Waterworks Estate) for his continued support of our efforts (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . We must thank many people for their contributions over the years, but will limit the list to those directly involved in the mist net bias project: Phillemon Murrain (Montserrat National Trust), Kris Cudmore, and Joe Kolba (SDSU). We are indebt to Delphine Rist and Béatrice Ibéné on Guadeloupe. A formal thank you goes to the Préfet de Guadeloupe and the Guadeloupe National Park Director who delivered authorizations to capture and handle protected species on Guadeloupe -that work was part of a conservation education project developed under the UNESCO 'Man and Biosphere' program.
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